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Agenda

Introduction and Rosters
Approval of Minutes from 24 October 2005 Meeting

Discussion of exisiting two methods in existing C.57.100 document —
Lockie tests and sealed tube tests.

Discussion of First portion of DuPont — Weidmann test of Model with
Thermally Upgraded Kraft.

Open items from last meeting

a. IEC document (62332) — still need to get approval for use.
b. Search for other applicable IEC documents.

Assign work elements for the revision of C57.100.



Existing C57.100 Methods

7.1 Distribution transformers

Test samples should be complete transformers and should be typical of the design being evaluated insofar as
insulation strocture and processing, liquid content, and manner of saling are concernad. & minimmm of
three samples should be tested at each test femperature

The test procedure involves subjecting the test samples (o epeatad test periods consisting of the ollowing

W parts:

al  Exposune o elevated temperaiure while excited at rated voltage: and
ki Application of end-point tests to determing and of life. as defined in Clause 5,

5. Criteria for end of life

In this test, the lifie of a particular fest specimen is considenzd 10 be ended when thermal degradation has
progressed tooa point such that the specimen cannot withstand any one of a series of tesis inkended (o
simulate the abnormal curents or voliages that are commonly experiencad in actoal service. The
degradation or aging is produced by a senes of temperature oycles, each consisting of a specibed time at a
spacified hottest-spot temperature followad by a rabarn to approximately ambient temperature. Soch a series
of temperature cycles, followed by end-of-1life tests, will hbereafier be refarmad to as a dest perdod.



Sealed Tube Method (Annex)

Standard test procedure for sealed tube aging of
liquid- immersed transformer insulation

A.2 Test samples

[he test tubes are typically of stainless steel, but alternatively may be of glass. The bes are typically abou
28 an long with an inside diameter of 4.0 cm, and a wall thickness of 3.0 mum. The tubes have paskaad
sorew-on caps and may be hited with a valve for venting.

[he insulation shall be dred to approsimate the ireatment that is used for a full scale transfonmer. A
minimum moisture content of 0.23%: and a maximum of 05305 by weight of solid insulation is requinad as
measurad by the Karl Fizscher methiod.

[he insulaticn in each tube should ke apportioned o approsimate their relative contant in a full-scale
iransformer. &n appropriaie air or gas space should be left in each tube, and a minimuom of four samples shall
b aged at each temperaiure,



DuPont- Weidmann Test

Review of purpose of test from last meeting
Findings to Date
Next Steps 1n Testing

Evaluate test methodology to determine use
as an IEEE method.



DuPont — Weidmann Test

Purpose — Utilize the IEC 62332 methodology to evaluate
thermally upgraded kraft — comparing results to historical data
presented in C57.100.

Products to test: Range of kraft papers from 0% Nitrogen (non-
upgraded paper) to 2.74% Nitrogen content (Insuldur) [0, 1.0,
1.6, 2.48 and 2.74% N, ]

Will evaluate the conductor insulation using mechanical testing
(tensile strength) and DP. Will evaluate spacer material using
mechanical testing (compressibility) and DP. Will evaluate bulk
oil insulation using mechanical testing (tensile strength) and DP.
Will evaluate the oil after aging with DGA, moisture, furans, etc.



LIFE - HOURS

DuPont — Weidmann Test
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Compare data from this model to other aging curves
(distribution transformers, sealed tube test).

Later, Compare existing insulation system with proposed
system to determine allowable hottest spot temperature.



DuPont — Weidmann Test




Findings to Date

* Aging periods to reach 50% tensile much longer
than expected based on historical sealed tube and
even Lockie testing

 Initial test plan called for completion of non-
upgraded paper and one-temperature comparison
of all four N, level papers by this meeting. Due to
duration of test, the aging time will take more.

« Subsequent aging can be shortened by running at
higher temperatures.



Non-Upgraded Papers testing

Original Plan called for aging up to 62 days at 140°C,
with expected 2 tensile point at around 40 days.

Current test plan has aging going over 500 days, with
expected 4 tensile point at around 300 days.

Original plan called for aging at 140, 148, 156 and
164°C.

Current plan continues this aging, with some longer
points needing to be started over, and conducting
testing at 172 and 180°C. Just started four new long
running cells at 148, 156 and 164°C (up to 5500

hours).

Getting a good correlation between DP and % Tensile
Retention.



Percent Rentention
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Method allowed for adjustments to aging times. Will also
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Temperature Plots
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Log Life (hrs)

Initial Aging vs. Historic Life Curves

Comparison of Aging Methods - Non-upgraded kraft
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Comparison of New Method to
Sealed Tube

Conducted a single test (so far) using a sealed tube with the
same set up of conductors/pressboard with 2 the amount of
material. Test conducted at 148C and 336 hours.

*Tensile Strength Retention = 68%

*Predictions — Old C57.92 curve = 50% @ 264 hrs.
Old C57.91 curve = 50% @ 1147 hrs.

New Model tests had close to this retention at both 744
and 1448 hours

O1l Data had following results:
IFT —31.1, Acid No. — 0.085, Color LO.5,
Dielectric Strength — 38 kV, PF@25C - 0.009,
Viscosity@ 100F — 98.064



DP vs. Tensile — Paper Samples

DP vs. Tensile Strength Retention
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DP

DP vs. Tensile — Paper Samples

Percent Tensile Strength vs. DP y =0.2771x - 24.669x + 879.1
R? = 0.9334
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O1l Quality

Sample o1l with syringe for DGA data and
then sample o1l after cool-down for o1l
properties. Oi1l samples to date have all
been very clear with no sludging.

Interfacial Acid Number Visual |[Sediment | Dielectric | Dielectric| Power | Power [Viscosity
Tension (mg KOH/g) | Color Number | Exam. Exam. |Breakdow|Breakdow| Factor | Factor @ | @ 100°F
D-971 D-974 D-1500 D-1524 | D-1524 D-877 D-1816 | D-924 D-924 D-445
33.2 0.033 L0.5 CLR&SPRH ND 38 27 (1-21C)| 0.004 0.149 62.387
36.2 0.015 LO.5 CLR&SPRH ND 34 34 (1-22C)| 0.005 0.114 62.183
37.7 0.028 LO.5 CLR&SPRH ND 33 31 (1-23C)[ 0.002 0.121 54.519
34.9 0.058 L0.5 CLR&SPRH ND 40 33 (1-21C)[ 0.42 1.395 61.445
34.6 0.035 L0.5 CLR&SPRH ND 36 26 (1-23C)| 0.011 0.512 79.512
32.3 0.113 L0.5 CLR&SPRH ND 39 35 (1-22C)| 0.015 1.012 61.327
35.8 0.015 L0.5 CLR&SPRH ND 85 32 (1-23C)| 0.004 0.253 63.456
39.9 0.015 L0.5 CLR&SPRH ND 35 27 (1-24C)| 0.018 0.207 60.399
32.2 0.024 L0.5 CLR&SPRH ND 33 27 (1-22C)| 0.118 0.704 61.584
42.1 0.029 LO.5 CLR&SPRH ND 38 37 (1-24C)| 0.009 0.272 79.638
35.4 0.014 LO.5 CLR&SPRH ND 37 28 (1-24C)| 0.005 0.198 57.945
34.9 0.033 L0.5 CLR&SPRH ND 38 30 (1-22C)| 0.006 0.558 63.624
35.4 0.013 LO.5 CLR&SPRH ND 33 32 (1-24C)| 0.009 0.285 61.347
36.2 0.025 L0.5 CLR&SPRH ND 38 26 (1-23C)| 0.005 0.062 59. 695
35.8 0.023 L0.5 CLR&SPRH ND 37 28 (1-21C)| 0.004 0.099 99.569
33.3 0.024 L0.5 CLR&SPRH ND 34 27 (1-23C)| 0.008 0.319 59.233
37.5 0.034 L0.5 CLR&SPRH ND 37 37 (1-22C)| 0.002 0.126 55.144
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DGA

Carbon Carbon Total [Equivalent| Moisture
Hydrogen | Methane | Ethane | Ethylene | Acetylene | Monoxide | Dioxide | Nitrogen | Oxygen | Total Gas| Combusti| TCG % in Oil
ASTM D-3612 (ppm) D-1533B
0 9 7 1 0 2253 47930 46002 2085 98287 2270 3.1105 8
1 37 6 0 0 2014 20819 47294 2872 73043 2058 2.833 8
8 26 17 3 0 2163 18509 100969 11218 132913 2217 1.4461 3
6 129 14 2 0 6557 98122 44308 2254 151392 6708 8.2235 7
3 22 6 2 2 1340 12789 81472 1835 97471 1375 1.1654 11
4 152 35 3 0 10601 71767 46220 3235 132017 10795 | 12.5686 30
0 17 6 5 0 267 9349 84037 11470 105151 295 0.2175 5
24 14 4 2 0 789 11301 70552 6199 88885 833 0.8199 11
0 8 4 1 0 1577 13502 47696 1977 64765 1590 2.2507 6
3 23 8 1 0 2609 25499 96343 4009 128495 2644 1.8605 11
24 29 5 6 0 1437 13346 66795 3914 85556 1501 1.5376 13
1 60 7 1 0 2980 60286 56185 2400 121920 3049 3.3748 13
1 21 7 5 0 1805 24629 57640 2630 86738 1839 2.1135 16
3 21 5 6 0 1652 19090 77342 13469 111588 1687 1.3858 14
8 22 7 3 0 2218 23730 79493 9165 114646 2258 1.8533 18
24 51 11 4 0 3896 26360 73371 9299 113016 3986 3.4578 16
8 31 13 3 0 3272 23149 65408 7015 98899 3327 3.2649 7




Pressboard Testing

Will evaluate spacer material using mechanical testing
(compressibility) and DP. Will evaluate bulk oil insulation
using mechanical testing (tensile strength) and DP.

Are starting to get 1nitial results for each.




Cool Board Test Data

Cooler Board H20 vs. Aging Y =0.0059x +0.1756
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Hot Board Test Data

Hot Board H20 vs. Aging
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Tensile Strength (% Retention)

Paper vs. Hot Board Comparison

Paper vs. Hot Board Aging
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Per Unit Plot — Two paper Types
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Limited data points for 2.74% N,. Still, equivalent life 1s seen at
temperatures around 10C higher than for non-upgraded.



Tensile Strength (% Retention)

Per Unit Plot — Paper vs. Board

Aging - Paper vs. Board
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Next Steps 1n Testing

Complete aging of all paper types

Develop methodology to evaluate the effect of
oxygen (bottled gas with known O,/N, content)
and moisture (suggestions?).

Need to understand target levels of oxygen and
moisture for evaluation. This may also be needed
for other two methods in C57.100.

Conduct additional sealed tube tests with similar
insulation configuration.

Evaluate what criteria should be used to evaluate
systems.



Finish Up meeting
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